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Background: Symptomatic external snapping hip is a painful condition, where pain in the trochantor region and
limitations of daily activity dominate clinical findings. The aetiology of symptomatic external snapping hip is elusive,
but previous studies have suggested that weakness of the hip abductors and an altered walking pattern may play a
role in the development of symptomatic external snapping hip. The aim of this study was to compare the walking
pattern and muscular activity of the hip muscles between subjects with symptomatic external snapping hip and
healthy subjects.
Methods: Thirteen subjects with diagnosed symptomatic external snapping hip (age: 25.5 years) were matched
with 13 healthy subjects (age: 25.6 years). Joint kinematics and kinetics of the lower extremity were quantified by
the peak hip adduction angle; the average knee rotation range of motion (ROM) and the peak valgus knee angle
after data recording using a Vicon 612 motion capture system. Muscle activity was recorded bilaterally using surface
electromyography (sEMG) on five muscles: gluteus maximus, gluteus medius, tensor fascia latae, rectus femoris and
biceps femoris. A paired t-test was used to evaluate differences between the two groups.
Results: No significant differences were found between the groups concerning the peak hip adduction angle, the
average knee rotation ROM, and the static valgus knee angle. No significant between-group differences were found
concerning all other kinematics, kinetics or muscle activity. In subjects with symptomatic external snapping hip
activity of the gluteus medius muscle during the acceptance phase of walking was 0.58 ± 0.19 whereas the activity
was 0.68±0.07 in the asymptomatic group (p=0.115).
Conclusions: No significant differences in the walking pattern were found between subjects with symptomatic
external snapping hip and healthy subjects. This suggest that subjects with symptomatic external snapping hip
does not have an impaired gait pattern.
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External snapping hip is present when the iliotibial tract
and/or the posterior border of gluteus maximus slide over
the greater trochanter [1-3]. Symptomatic external snap-
ping hip is a painful condition, where pain in the trochantor
region and limitations of daily activity dominate clinical
findings [1,4,5]. Despite this the literature on the topic is
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reproduction in any medium, provided the orThe aetiology of external snapping hip is elusive, but
previous studies have suggested that weakness of the hip
abductors, leg length, tightness of the iliotibial band, foot
mechanics, altered walking and hip instability may play a
role in the development of the condition [3,6-9]. During
walking the hip abductors work eccentrically after initial
foot contact to resist an external adduction moment
[10,11]. If the joint’s range of motion is increased as in
generalised joint hypermobility these muscles work even
harder, and this can result in musculoskeletal pain prob-
lems [12]. Previous studies have described deficits of the
gluteal muscles being related to altered kinematics andal Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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to our knowledge, never been documented with valid
outcome measures in subjects with symptomatic exter-
nal snapping hip.
External snapping hip involves the iliotibial tract, with
the primary role of the tract being to resist hip adduc-
tion and knee rotation during walking and running [14].
A consequence of the proximal and distal attachments
of the tract may be that external snapping is associated
with increased hip adduction and increased knee rota-
tion as it has been documented in runners with iliotibial
band syndrome [15]. In addition, the activity of the glu-
teus medius muscle may be affected due to pain in the
trochantor region as it has been found in healthy people
with induced experimental pain [16,17].
To our knowledge, only few published studies report
the clinical symptoms of external snapping hip. One
study on external snapping hip reported an increased
hip adduction angle and increased valgus knee angle
during walking [7]. Furthermore, bilateral subtalar over-
pronation accompanied by an increased static valgus
knee angle in a standing position was found in the same
study. Another study by Jacobsen et al. [9] reported de-
creased eccentric hip abduction strength in subjects with
external snapping hip, and Bellabarba et al. [6] reported
a high prevalence of hip instability in subjects with in-
ternal snapping hip. These studies indicate important
impairments related to snapping hip, but the case report
by Spine [7] fails to prove an association between walk-
ing and external snapping hip because of its design and
the use of non-valid outcome measures.
The aim of this study was to compare the walking pat-
tern and muscular activity of the hip muscles between
subjects with symptomatic external snapping hip and
healthy subjects. We hypothesised, that subjects with
symptomatic external snapping hip would present with
an increased hip adduction angle, an increased average
knee rotation Range of Motion (ROM), an increased val-
gus knee angle and reduced activity of the gluteus
medius muscle during the stance phase of walking.
Methods
Subjects
The number of subjects was based on a priori sample
size calculation based on a previous study evaluating
kinematics and kinetics in runners with lateral hip pain
[15]. Based on a mean value of the peak hip adduction
angle of 14.1 (SD 2.5) degrees in subjects with external
snapping hip and 10.6 (SD 3.6) degrees in healthy sub-
jects it was found that a minimum of 13 subjects in each
group were needed. The sample size calculation was
based on a significance level of 5% and a power of 80%.
Thirteen subjects with external snapping hip (six men
and seven women) were recruited from the Division ofHip Surgery at the Department of Orthopaedics at Aarhus
University Hospital, Denmark between 1 April 2010 to 1
November 2010 (Table 1). The subjects had a diagnosis of
unilateral or bilateral symptomatic external snapping hip,
and had to meet the following criteria: an external painful
snap from the lateral hip region within the last fourteen
days, a clinical diagnosis of external snapping hip [1], self-
reported pain at the greater trochantor or in the gluteal re-
gion marked on a self-reported pain drawing at the time
of inclusion [18], between 18 and 50 years of age. The ex-
clusion criteria were: osteoarthritis in the hip joint, hip
dysplasia, internal snapping hip, other intra-articular path-
ology, previous operations in the hip, knee or ankle re-
gions, diseases or injuries affecting muscle strength in the
legs, pregnancy, steroid injection in the hip region within
the last month. The diagnosis of external snapping hip
was given, when a palpable snap was felt in the trochantor
region, and if the snap was reported as painful by the sub-
ject during a side-lying extension and flexion movement.
The diagnosis was also given, when the painful snap was
reproduced in a standing position. The subjects were diag-
nosed by one of two experienced hip orthopedic surgeons
and afterwards the inclusion and exclusion criteria were
evaluated by JSJ on all subjects. Parallel to the inclusion of
subjects with external snapping hip, a control group of 13
subjects (six men and seven women) with no hip, knee,
ankle or back problems were included from the social net-
work of the subjects with external snapping hip and
through the hospital’s intranet. The two groups were
matched based on gender and age (± five years). All sub-
jects consented to participate in the study, and the Central
Denmark Region Committees on Biomedical Research
Ethics (M-20090094) and the Danish Data Protection
Agency (2007-58-0010) approved the study.
Design and procedure
This study is a comparative cross-sectional study of walk-
ing in subjects with external snapping hip and healthy sub-
jects. This study is one out of two parallel cross-sectional
studies on the same subjects. The two parallel studies were
designed simultaneously but with individual outcome mea-
sures and hypotheses. One evaluated hip muscle strength
and patient-reported outcomes using a dynamometer and
the questionnaire Hip dysfunction and Osteoarthritis Out-
come Score (HOOS) [9]. This study evaluated specific
mechanical outcomes related to walking.
In the present study the dynamic activity of the hip
muscles, joint kinematics and kinetics of the lower ex-
tremity were compared between subjects with external
snapping hip and healthy subjects. The primary out-
comes were the hip adduction angle, the average knee
rotation ROM and the activity of the gluteus medius
muscle. Additionally, the valgus knee angle was deter-
mined from a static trial.
Table 1 Baseline characteristics
SESH n = 13 Controls n = 13 P-value
Bilateral/unilateral n 7/6 - -
Duration of pain years (IQR) 2.5 (1.5-5.0) - -
Age years 25.5 ± 3.4 25.6 ± 2.6 -
Rest 100 mm VAS (IQR) 4 (0–10) 0 (0–0) 0.010
Activity 100 mm VAS 10 (0–20) 0 (0–0) 0.010
Height meters 1.8 ± 0.1 1.7 ± 0.1 0.291
Leg length meters 0.89 ± 0.05 0.91 ± 0.05 0.221
Weight kilo 70.9 ± 17.2 68.4 ± 9.8 0.571
BMI kilo/meters2 23.1 ± 4.2 23.0 ± 3.0 0.946
Non-prescriptive medication n 6 (46.2%) 0 (0.0%) 0.031
Prescriptive medication n 0 (0.0%) 0 (0.0%) 1.000
Leg dominance, right n 12 (92.3%) 9 (69.2%) 0.250
Positive FPI (pronation) n 8 (61.5%) 5 (38.5%) 0.453
Baseline characteristics in subjects with external snapping hip (SESH) and in healthy subjects (controls) are presented as median (IQR), as mean ± SD
(Standard Deviation) and as number and prevalence (%).
Abbreviations: IQR (Interquartile Range), 100 mm VAS (100 millimeter Visual Analog pain Scale), BMI (Body Mass Index), FPI (Foot Posture Index).
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ized questions. Weight was measured on a calibrated scale,
and height was measured on a wall-mounted ruler. Leg
length was measured by an experienced physiotherapist as
the distance from the trochantor major to the lateral malle-
olus on both sides. Limp dominance was reported by ask-
ing the subjects which limp they would use if they were
going to kick a ball. Prior to testing, pain was rated during
rest by the subjects on a 100 mm Visual Analogue pain
Scale (VAS) [19]. Likewise, subjects were asked about pain
during the test trials. Furthermore, ankle posture was
examined using The Foot Posture Index 6 (FPI-6) [20]. In
addition to the baseline characteristics, general joint
hypermobility was examined as a secondary outcome meas-
ure using Beighton’s test of general joint hypermobility [21].
A subject had general joint hypermobility if five out of nine
criteria were fulfilled [21].
Three-dimensional gait analysis
Walking was recorded with the Vicon 612 motion cap-
ture system using eight cameras (Vicon Motion System
Limited, Oxford, UK). Optic data were sampled at
100 Hz, and the Vicon plug-in gait marker protocol was
used totalling thirty-nine 8-mm polypropylene retro-
reflective markers. Three extra markers were attached to
bone prominences corresponding to the calcaneus and
the head of the first and fifth metatarsal. Ground reac-
tion forces were sampled at 2000 Hz using an OR6-7
AMTI force plate (AMTI, Advanced Mechanical Tech-
nology, Watertown, USA).
Activity of the hip muscles was recorded with surface
electromyography (sEMG) from the gluteus maximus,
the gluteus medius, the tensor fascia latae, the rectusfemoris and the biceps femoris. Skin preparation and
electrode placement was conducted according to the
SENIAM recommendations [22] in a bipolar derivation
with Ag/AgCl electrodes (AmbuNeuroline 720 01-K/12;
Ambu, Ballerup, Denmark) with 22 mm of centre-to
-centre spacing. Prior to electrode placement the skin
was shaved and cleansed with alcohol. The sEMG data
were recorded simultaneously with the motion capture
analysis using a MA300 Advanced Multi-Channel EMG
System (Motion Lab Systems, Inc., Los Angeles, USA).
The sEMG data were sampled at 2000 Hz and collected
synchronously with ground reaction forces.
The subjects walked barefoot at a self-selected speed
along a 10-m walkway. The camera system was cali-
brated before each testing day producing residual errors
less than one millimeter over a volume of 10 m × 3 m ×
3 m. A static reference trial was recorded to adjust the
marker set to individual anatomy and to evaluate valgus
knee angle. Six right and six left dynamic trials were
recorded, where the subject had to hit the force plate
with the whole foot. Right or left trials were selected for
statistical analysis based on the affected leg. In patients
with bilateral involvement the trials of the worst affected
leg, as reported by the subject, were selected. The corre-
sponding trials (i.e., same leg) of the matched healthy
subjects were selected for analysis. The force plate was
covered with the same vinyl surface as the laboratory
floor and not noticeable. Subjects were naive to gait ana-
lysis, and they were not informed about the requirement
of hitting the force plate. The start position was altered,
if necessary, and marked after the subjects had executed
a sufficient number of trials to hit the plate (3 – 12
familiarization trials). Once the walk up distance was
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and start walking for data recording. We only experienced
a small number of trials where the subjects did not hit the
force plate, and the maximum number of test trials was 16
for the whole sample. Experience from previous investiga-
tions in the laboratory demonstrated a good repeatability
in participants with relatively small restrictions in gait
function. Centre of mass velocity was determined during
the analysis and varied by maximum +/− 3.7% in standard
deviation.Data processing
Marker trajectories were filtered with a Woltring filter rou-
tine following Vicon’s recommendations. The smoothed
marker coordinate data were analyzed using plug-in gait in-
verse dynamics model and results extracted using a MatLab
script (version 2010b, The MathWorks Inc., Natick, MA).
In the sagittal plane flexion were assigned as a positive
value, in the frontal plane adduction was assigned as a posi-
tive value and in the horizontal plane internal rotation was
assigned as a positive value. The gait cycle was time-
normalized to 100%, and events were automatically esti-
mated by the program and manually corrected if necessary.
Average maximum and minimum angles and net joint mo-
ments during selected phases of the gait cycle and while
standing were calculated for the pelvis, hip, knee and ankle.
The sEMG signals were band-pass filtered at 20–
500 Hz. The raw sEMG signals were low-pass filtered with
a cut-off limit of 10 Hz to create linear envelopes. The lin-
ear envelopes were normalized in amplitude to the max-
imum sEMG signal during walking found across all trials
from one subject and expressed as percent-maximum am-
plitudes [23]. From the linear normalized curves mean
amplitudes were calculated in the following time periods:
sEMG-preactivation (150 ms), sEMG-acceptance, sEMG-








Gait speed m/s 1.3 ± 0.2 1.4 ± 0.1 0.1 (−0.0, 0.1) 0.159
Step length m 0.7 ± 0.1 0.7 ± 0.1 0.0 (−0.0, 0.1) 0.657
Spatio-temporal gait data are presented in the patients with external snapping
hip (SESH) and healthy subjects (controls). The differences are reported as 95%
CI (95% confidence interval).Statistical analysis
Scatter-plots and histograms were used to confirm normal
distribution of baseline characteristics and outcomes. Nor-
mally distributed baseline characteristics were presented
as mean ± one standard deviation (SD). Otherwise baseline
characteristics were presented as median and interquartile
range (IQR). For the normally distributed data a paired t-
test was used to evaluate differences between the groups,
and otherwise non-parametric tests were used. The cat-
egorical baseline characteristics were presented as preva-
lence and prevalence proportion ratio (PPR) and the exact
McNemar’s probability test was used to test differences
between the groups. All outcomes are presented as
mean ± SD and mean differences between the groups
are presented with a 95% confidence interval (CI).Results
The subjects with external snapping hip reported higher
VAS pain scores and use of pain medications compared to
the healthy subjects (Table 1). In Beighton’s test of joint
hypermobility six subjects with external snapping hip
(46.2%) fulfilled the criteria of general joint hypermobility
compared to one healthy subject (7.7%), the difference in
prevalence was not significant (p = 0.063).
Gait analysis
No differences were found between the groups
concerning speed and step length (Table 2). Similary, no
significant differences were found between the groups
concerning the peak hip adduction angle and the average
knee rotation ROM (Table 3). Furthermore, no differ-
ence was found regarding the static valgus knee angle,
and no significant differences were found between
groups concerning all other kinematic variables (Table 3).
There were no significant differences for dynamic valgus
knee angles (Table 3). The statistical analysis showed no
significant differences between the two groups with re-
gard to the kinetic data (Table 4).
Electromyography
The sEMG data showed no significant differences between
the groups (Table 5). In subjects with symptomatic exter-
nal snapping hip activity of the gluteus medius muscle
during the acceptance phase of walking was 0.58 ± 0.19
whereas the activity was 0.68±0.07 in the asymptomatic
group (p=0.115).
Discussion
The purpose of this study was to compare the walking
pattern and muscular activity of the hip muscles during
walking between subjects with symptomatic external
snapping hip and healthy subjects. Comparing healthy
hips with external snapping hips, we did not find neither
an increased hip adduction angle nor an increased aver-
age knee rotation ROM during walking nor an increased
static valgus knee angle in standing. However, we did
observe a non-significant 10% reduction of the relative
activity of the gluteus medius and the rectus femoris
muscle among subjects with external snapping hip com-
pared to the healthy subjects during stance. Some of the
comparisons may be slightly underpowered but generally
Table 3 Kinematic gait variables
SESH n = 13 Controls n = 13 Difference (95% CI) P-value
Hip adduction angle1 4.5 ± 2.8 4.0 ± 2.8 −0.1 (−2.6, 1.6) 0.600
Hip abduction angle2 −2.7 ± 3.0 −3.0 ± 2.3 −0.2 (−2.5, 2.0) 0.821
Hip flexion angle 1 30.0 ± 5.8 31.8 ± 4.5 1.7 (−3.6, 7.0) 0.490
Hip extension angle3 −13.5 ± 6.8 −13.1 ± 6.9 0.4 (−5.1, 5.8) 0.892
Hip intern rotation angle4 9.4 ± 6.7 8.4 ± 8.2 −0.9 (−7.9, 6.1) 0.777
Hip extern rotation angle5 0.5 ± 6.9 0.2 ± 5.7 −0.3 (−7.1, 6.6) 0.937
Hip extern rotation angle6 1.7 ± 8.4 3.1 ± 6.4 1.4 (−5.9, 8.8) 0.684
Knee flexion angle7 14.8 ± 4.6 14.0 ± 4.8 −0.8 (−5.6, 3.9) 0.708
Knee rotation (ROM)8 12.0 ± 4.1 12.7 ± 4.1 0.7 (−3.5, 4.8) 0.731
Static knee valgus9 3.0 ± 2.6 3.7 ± 1.5 0.7 (−1.0, 2.4) 0.410
Dynamic knee valgus (ROM)8 6.4 ± 3.7 5.8 ± 3.2 −0.6 (−3.7, 2.5) 0.667
Dynamic knee valgus2 2.9 ± 3.0 3.6 ± 1.7 0.7 (−0.8, 2.3) 0.447
Plantar flexion angle1 12.8 ± 1.7 12.5 ± 2.8 −0.3 (−2.0, 1.4) 0.695
Dorsal flexion angle5 −5.8 ± 1.8 −6.2 ± 2.5 −0.4 (−2.1, 1.2) 0.568
Dorsal flexion angle6 −14.9 ± 5.8 −17.4 ± 3.9 −2.6 (−6.1, 1.0) 0.138
Foot progression external rotation5 −11.1 ± 9.3 −11.5 ± 4.4 −0.4 (−6.1, 5.3) 0.884
Pelvis lateral tilt1 5.6 ± 1.6 5.7 ± 2.4 0.2 (−1.4, 1.8) 0.834
Pelvis medial tilt1 −5.7 ± 2.2 −5.1 ± 2.0 0.7 (−1.0, 2.3) 0.414
Pelvis anterior tilt1 10.5 ± 4.5 11.7 ± 4.7 1.2 (2.9, 5.3) 0.529
Pelvis posterior tilt1 (+)7.7 ± 4.4 (+)9.5 ± 4.8 1.8 (−2.1, 5.8) 0.336
Pelvis internal rotation1 5.9 ± 2.5 4.9 ± 2.0 −1.1 (−3.1, 1.0) 0.280
Pelvis external rotation1 −4.1 ± 3.1 −2.9 ± 2.9 1.1 (−1.2, 3.4) 0.316
Kinematic data are presented in degrees as mean ± one standard deviation (SD). The difference between the patients with external snapping hip (SESH) and
healthy subjects (controls) are reported as 95% CI (95% confidence interval).
1: Maximum during stance; 2: Touch down (0% stance); 3: Minimum during stance; 4: Maximum in 50% stance; 5: Minimum during 0-10% stance; 6: Minimum
during 50-100% stance; 7: Maximum in 50% stance; 8: ROM (Range Of Motion) = Difference between maximum and minimum during stance; 9: Maximum in a
static standing position (+) Positive: no posterior tilt occurs from the neutral position.
Table 4 Kinetic gait variables
SESH n = 13 Controls n = 13 Difference (95% CI) P-value
Hip adduction moment1 0.76 ± 0.14 0.76 ± 0.17 0.00 (−0.14, 0.15) 0.976
Hip abduction moment2 −0.34 ± 0.18 −0.34 ± 0.12 0.00 (−0.14, 0.15) 0.947
Hip flexion moment1 0.99 ± 0.19 1.13 ± 0.29 0.14 (−0.05, 0.33) 0.129
Hip extension moment2 −0.92 ± 0.26 −0.91 ± 0.17 0.02 (−0.17, 0.21) 0.838
Hip intern rotation moment1 0.16 ± 0.03 0.17 ± 0.05 0.01 (−0.02, 0.05) 0.384
Hip extern rotation moment2 −0.10 ± 0.05 −0.10 ± 0.03 0.00 (−0.04, 0.04) 0.942
Knee flexion moment1 0.59 ± 0.21 0.54 ± 0.19 −0.04 (−24, 0.15) 0.637
Knee extension moment3 −0.45 ± 0.13 −0.52 ± 0.14 −0.07 (−0.19, 0.05) 0.241
Knee extension moment4 −0.12 ± 0.12 −0.11 ± 0.10 0.01 (−0.10, 0.12) 0.838
Knee internal rotation moment1 0.17 ± 0.04 0.20 ± 0.05 0.02 (−0.01, 0.06) 0.097
Knee external rotation moment2 −0.01 ± 0.01 −0.02 ± 0.01 0.00 (−0.01, 0.01) 0.530
Knee varus moment1 0.47 ± 0.09 0.52 ± 0.11 0.05 (−0.02, 0.12) 0.172
Plantar flexion moment1 1.55 ± 0.17 1.62 ± 0.22 0.06 (−0.07, 0.19) 0.331
Dorsal flexion moment2 −0.16 ± 0.05 −0.18 ± 0.06 −0.03 (−0.07, 0.01) 0.175
Kinetic data are presented in N*m/kg ± one standard deviation (SD). The difference between the patients with external snapping hip (SESH) and healthy subjects
(controls) are reported as 95% CI (95% confidence interval).
1: Maximum during stance; 2: Minimum during stance; 3: Minimum during 0-10% stance; 4: Minimum during 50-100% stance.
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Table 5 Electromyography (sEMG) gait variables
Preactivation Acceptance Middle stance Late stance Swing phase
Group mean P-value Group mean P-value Group mean P-value Group mean P-value Group mean P-value
Gluteus medius (S) 0.41 ± 0.23 0.312 0.58 ± 0.19 0.115 0.24 ± 0.11 0.818 0.16 ± 0.11 0.198 0.26 ± 0.14 0.262
Gluteus medius (H) 0.34 ± 0.12 0.68 ± 0.07 0.25 ± 0.10 0.11 ± 0.05 0.20 ± 0.09
Gluteus maximus (S) 0.46 ± 0.18 0.593 0.62 ± 0.22 0.473 0.37 ± 0.17 0.288 0.34 ± 0.19 0.502 0.37 ± 0.13 0.433
Gluteus maximus (H) 0.49 ± 0.11 0.66 ± 0.12 0.32 ± 0.13 0.30 ± 0.12 0.33 ± 0.10
Rectus femoris (S) 0.40 ± 0.17 0.092 0.64 ± 0.18 0.884 0.20 ± 0.07 0.819 0.20 ± 0.06 0.309 0.22 ± 0.05 0.204
Rectus femoris (H) 0.51 ± 0.19 0.65 ± 0.10 0.21 ± 0.06 0.25 ± 0.11 0.25 ± 0.08
Biceps femoris (S) 0.51 ± 0.23 0.338 0.38 ± 0.18 0.494 0.20 ± 0.10 0.247 0.14 ± 0.13 0.209 0.33 ± 0.09 0.274
Biceps femoris (H) 0.59 ± 0.21 0.44 ± 0.16 0.15 ± 0.07 0.10 ± 0.04 0.30 ± 0.10
Tensor Fascia latae (S) 0.32 ± 0.16 0.757 0.61 ± 0.15 0.154 0.34 ± 0.17 0.820 0.23 ± 0.16 0.674 0.33 ± 0.16 0.238
Tensor Fascia latae (H) 0.34 ± 0.12 0.68 ± 0.72 0.35 ± 0.12 0.21 ± 0.09 0.26 ± 0.09
The sEMG data are presented as mean ± one standard deviation (SD) in 13 subjects with external snapping hip (S) and 13 healthy subjects (H) in the following
time periods: preactivation (50 ms before heel strike), acceptance (load acceptance and initial single support), middle stance (knee extension and late single
support), late stance (opposite foot contact) and swing phase (ipsilateral swing). The sEMG signals are normalized in amplitude to the maximum sEMG signal
during gait and expressed as percent-maximum amplitudes.
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therefore they may not be clinically relevant.
Spina [7] described a walking pattern with increased ip-
silateral hip adduction and valgus knee angle together with
lowering of the contralateral pelvis. The walking pattern
was evaluated qualitatively by visual inspection in only
one patient. It is possible that subjects with symptomatic
external snapping hip modify walking differently, and this
may explain the higher variability of the activity of the glu-
teus medius muscle among our subjects with external
snapping hip compared to the healthy subjects. On the
contrary, a detailed examination of the rectus femoris
muscle revealed that an outlier among the healthy subjects
was responsible for the difference between the groups in-
dicating that the difference of the rectus femoris muscle is
not consistent.
The trend towards a reduced sEMG activity of the glu-
teus medius muscle may be explained by a central inhib-
ition mechanism caused by nociceptive inputs. Previous
studies have found that experimental muscle pain is as-
sociated with a reduced activity of a muscle probably as
a consequence of central inhibition of motor neurons
[16,17,24]. Henriksen et al. [16] found that a pain avoid-
ance pattern expressed as reduced muscle activity was
present during, and after experimentally induced muscle
pain which was confirmed in a later experimental study
by Henriksen et al. [17]. These findings are further sup-
ported by Graven-Nielsen et al. [24] who demonstrated
that the neural motor system might reorganize to protect
a painful muscle by reducing the activity of the muscle.
The question that should be raised, is if the tendency of
reduced muscle activity is a result of pain or reduced hip
abduction strength as it was reported by Jacobsen et al. [9]
or a contributing cause of symptomatic external snapping
hip? The current study design does not allow for any firmconclusion regarding the cause-effect relationship between
pain, hip strength and muscle activity. Further studies on
associations between external snapping hip and activity of
the gluteus medius muscle during weight acceptance ap-
pear relevant.
Our results showed no significant differences between
groups in the joint moments of the lower limb. Simonsen
et al. [12] previously showed an association between joint
moments and hypermobility indicating greater joint mo-
ments among subjects with hypermobility. Since almost
half of our subjects with external snapping hip had general
joint hypermobility it was expected, that the joint mo-
ments of the knee and hip in the frontal and sagittal plane
would be increased. Surprisingly, this could not be con-
firmed, which from a patient point of view is positive as
higher joint moments has been associated with pain in
muscles and joints [16,25].
Forty-five percent of the subjects with external snap-
ping were hypermobile [6]. Bellabarba et al. [6] reported
hip instability defined as generalized ligamentous laxity
in patients with pain and snapping in the groin tested
with traction under fluoroscopy. They suggested that
hip instability could play a role in the development of
internal snapping hip as subclinical instability associ-
ated with ligamentous laxity may allow the iliopsoas
to snap abnormally over structures just deep to it. In ex-
ternal snapping hip the iliotibial band snap over the
trochantor major, which may cause an eccentric
overload of the gluteals and the iliotibial band during
movement as it was reported by Simonsen et al. [12].
However, other studies suggest that tightness of the
iliotibial band is one of the main contributing factor to
iliotibial snapping [3,5]. Further investigations are
needed to explore a possible relationship between snap-
ping hip and joint hypermobility.
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Evidence of treating external snapping hip is sparse. Our re-
sults implicate that the walking pattern is not altered in pa-
tients with symptomatic external snapping hip. Hence, gait
retraining may not be a reasonable treatment modality. Pre-
viously, we have demonstrated a significant strength deficit
in hip abductors among patients with external snapping hip
compared with healthy subjects [9]. It suggests that im-
provement of muscle strength and adequate balance of
muscle function around the hip may be the first choice of
treatment. Furthermore, the present study includes patient
reported outcome measures, which provide important in-
formation for future studies in patients with external snap-
ping hip.
Limitations of the study
Even though the design of this study was based on com-
monly accepted methods some limitations need to be
discussed. Several circumstances may mask a potential
between-group difference. Subjects with external snapping
hip all reported low pain during rest and activity indicating
that the majority of subjects had mild symptoms at the
time of examination. In addition, both groups walked at a
self-selected speed, where differences can be hard to de-
tect as kinetics and kinematics depend on walking speed
[11,26]. Therefore it is possible that a higher walking speed
or running could have resulted in larger differences be-
tween the groups especially because of the higher frontal
forces during running [10,11]. No set of specific diagnostic
criteria exist for the diagnosis of external snapping hip.
Therefore we decided to include both subjective and
objective inclusion criteria to minimize selection bias. Un-
fortunately this was only possible for the subjects with ex-
ternal snapping hip. The healthy subjects did not undergo
radiographic or clinical examinations of the hip joint be-
fore inclusion, and although the risk is small it cannot be
ruled out that some of the healthy subjects may have un-
diagnosed hip conditions. Finally, the sample size calcula-
tion was based on the peak hip adduction angle from a
study on a different hip condition. Our data indicate that a
larger sample size may be needed to detect between-group
difference for the sEMG amplitudes. Therefore we cannot
rule out that the observed trend of a reduced activity of
the gluteus medius muscle exist due to chance alone.
However, generally the between-group differences were
small and may question if the small differences may be
clinically meaningful.Conclusions
No significant differences were found in muscle activity
around the hip or in kinetics and kinematics of the lower
extremity between subjects with symptomatic external
snapping hip and healthy subjects. This suggests thatsubjects with symptomatic external snapping hip do not
show an impaired gait pattern.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
All co-authors took part in the planning of this study, the test-period as well
as the writing of this article. MU and MSR had special focus on the design
and overall use of methods, while UGK had special focus on the
biomechanical part of this study. KS and OS had special focus on the
subjects with external snapping hip and process of diagnosis. As the first
author JSJ was responsible for coordination of the different elements in this
study and was responsible for the inclusion of the subjects and overall
responsible for the decisions made in this study. All authors have read and
approved the final manuscript.
Acknowledgements
We would like to thank William Sloth and Marianne Elmkjær for their
professional help carrying out the gait analysis. Furthermore we would like
to thank our colleagues from Aarhus University, the Department of
Physiotherapy and Occupational Therapy and the Department of
Orthopaedic Surgery at Aarhus University Hospital. Furthermore, we would
like to acknowledge The Fund for Research Equipment at Aarhus University
Hospital, The Research Foundation at The Association of Danish
Physiotherapists and The Research Foundation at Professional Forum for
Physiotherapy in Sports for funding this study.
Author details
1Department of Physiotherapy and Occupational Therapy, Aarhus University
Hospital, Tage-Hansens Gade 2, 8000, Aarhus C, Denmark.
2HammelNeurorehabilitation Hospital and Research Center, Aarhus University,
Voldbyvej 15, 8450, Hammel, Denmark. 3Center for Sensory-Motor
Interaction, Department of Health Science and Technology, Aalborg
University, Fredrik Bajers Vej 7 D3, 9220, Aalborg, Denmark. 4Orthopaedic
Surgery Research Unit, Aalborg University Hospital, Hobrovej 18-22, 9100,
Aalborg, Denmark. 5Department of Orthopaedic Surgery, Aalborg University
Hospital, Hobrovej 18-22, 9100, Aalborg, Denmark. 6Department of
Orthopaedic Research, Aarhus University Hospital, Tage-Hansens Gade 2,
8000, Aarhus C, Denmark.
Received: 3 December 2012 Accepted: 5 July 2013
Published: 19 July 2013
References
1. Allen WC, Cope R: Coxasaltans: the snapping hip revisited. J Am Acad
OrthopSurg 1995, 3(1067–151; 5):303–308.
2. Choi YS, Lee SM, Song BY, Paik SH, Yoon YK: Dynamic sonography of
external snapping hip syndrome. J Ultrasound Med 2002, 21(7):753–758.
3. Yoon TR, Park KS, Diwanji SR, Seo CY, Seon JK: Clinical results of multiple
fibrous band release for the external snapping hip. J OrthopSci 2009,
14(4):405–409.
4. Faraj AA, Moulton A, Sirivastava VM: Snapping iliotibial band. Report of
ten cases and review of the literature. ActaOrthopBelg 2001, 67(1):19–23.
5. Provencher MT, Hofmeister EP, Muldoon MP: The surgical treatment of
external coxa saltans (the snapping hip) by Z-plasty of the iliotibial
band. Am J Sports Med 2004, 32(2):470–476.
6. Bellabarba C, Sheinkop MB, Kuo KN: Idiopathic hip instability. An
unrecognized cause of coxa saltans in the adult. ClinOrthopRelat Res 1998,
10(0009–921; 0009–921; 355):261–271.
7. Spina AA: External coxasaltans (snapping hip) treated with active release
techniques (R): a case report. J Can ChiroprAssoc 2007, 51(1):23–29.
8. Bowman KF Jr, Fox J, Sekiya JK: A clinically relevant review of hip
biomechanics. Arthroscopy 2010, 26(8):1118–1129.
9. Jacobsen JS, Thorborg K, Søballe K, Ulrich-Vinther M: Eccentric hip
abductor weakness in patients with symptomatic external snapping hip.
Scand J Med Sci Sports 2012, 22(6):e140–e146.
10. Heinert BL, Kernozek TW, Greany JF, Fater DC: Hip abductor weakness and
lower extremity kinematics during running. J Sport Rehabil 2008,
17(3):243–256.
Jacobsen et al. BMC Musculoskeletal Disorders 2013, 14:212 Page 8 of 8
http://www.biomedcentral.com/1471-2474/14/21211. Pandy MG, Andriacchi TP: Muscle and joint function in human
locomotion. Annu Rev Biomed Eng 2010, 12:401–433.
12. Simonsen EB, Tegner H, Alkjaer T, Larsen PK, Kristensen JH, Jensen BR, et al:
Gait analysis of adults with generalised joint hypermobility. Clin Biomech
(Bristol, Avon) 2012, 27(6):573–577.
13. Geiser CF, O’Connor KM, Earl JE: Effects of isolated hip abductor fatigue
on frontal plane knee mechanics. Med Sci Sports Exerc 2010, 42(3):535–545.
14. Birnbaum K, Siebert CH, Pandorf T, Schopphoff E, Prescher A, Niethard FU:
Anatomical and biomechanical investigations of the iliotibial tract.
SurgRadiolAnat 2004, 26(6):433–446.
15. Noehren B, Davis I, Hamill J: ASB clinical biomechanics award winner 2006
prospective study of the biomechanical factors associated with iliotibial
band syndrome. ClinBiomech 2007, 22(9):951–956.
16. Henriksen M, Alkjaer T, Lund H, Simonsen EB, Graven-Nielsen T, Danneskiold-
Samsoe B, et al: Experimental quadriceps muscle pain impairs knee joint
control during walking. J ApplPhysiol 2007, 103(1):32–139.
17. Henriksen M, Alkjaer T, Simonsen EB, Bliddal H: Experimental muscle pain
during a forward lunge -the effects on knee joint dynamics and
electromyographic activity. Br J Sports Med 2009, 43(7):503–507.
18. Thorborg K, Holmich P, Christensen R, Petersen J, Roos EM: The
copenhagen hip and groin outcome score (HAGOS): development and
validation according to the COSMIN checklist. Br J Sports Med 2011,
45(6):478–491.
19. Mottola CA: Measurement strategies: the visual analogue scale.
Decubitus 1993, 6(5):56–58.
20. Redmond AC, Crosbie J, Ouvrier RA: Development and validation of a
novel rating system for scoring standing foot posture: the foot posture
index. ClinBiomech (Bristol, Avon) 2006, 21(1):89–98.
21. Juul-Kristensen B, Rogind H, Jensen DV, Remvig L: Inter-examiner
reproducibility of tests and criteria for generalized joint hypermobility
and benign joint hypermobility syndrome. Rheumatology (Oxford) 2007,
46(12):1835–1841.
22. Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G: Development of
recommendations for SEMG sensors and sensor placement procedures.
J ElectromyogrKinesiol 2000, 10(5):361–374.
23. Frigo C, Crenna P: Multichannel SEMG in clinical gait analysis: a review
and state-of-the-art. ClinBiomech 2009, 24(3):236–245.
24. Graven-Nielsen T, Arendt-Nielsen L: Impact of clinical and experimental pain
on muscle strength and activity. CurrRheumatol Rep 2008, 10(6):475–481.
25. Henriksen M, Aaboe J, Simonsen EB, Alkjær T, Bliddal H: Experimentally
reduced hip abductor function during walking: Implications for knee
joint loads. J Biomech 2009, 42(9):1236–1240.
26. Stoquart G, Detrembleur C, Lejeune T: Effect of speed on kinematic,
kinetic, electromyographic and energetic reference values during
treadmill walking. NeurophysiolClin 2008, 38(2):105–116.
doi:10.1186/1471-2474-14-212
Cite this article as: Jacobsen et al.: The gait pattern is not impaired in
subjects with external snapping hip: a comparative cross-sectional
study. BMC Musculoskeletal Disorders 2013 14:212.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
